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AF
Overall Program Concept

The Objective of the AIM-C Program is to Provide Concepts, an Approach, and
Tools That Can Accelerate the Insertion of Composite Materials Into DoD Products

T | RDCS/Web Framework | T

Durability Structure Material & Process {§ Producibility Cost

Models Models Models Models

(Science Based) [|§ (Science Based) (Science Based) (Science Based)

Models

Heuristic
Models

A Data Bases

——

Methodology

RDCS — Robust Design Computational System

Module: linked set of related models/databases; 8 in AIM-C Phase | Program -
Resin, Fiber, Prepreg, Processing, Lamina, Structures, Durability, and Producibility
@ﬂﬂt—'[ﬂﬂ NORTHROP GRUMMAN
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pARPA M Producibility Module Definitions

Definition:
A Controller Module to Compare Requirements to
Manufacturing Capabilities For Quality Components

Corollaries: . How Can | Make It?

* Can | Make It? By Which Manufacturing
* With What Degree of Success?  Sequence Should It Be Made?

* The Initial Envisioned Module Provides Heuristics Which Give Guidance
Through Part Thermal Processing (Cure/Post Cure)

* Higher Level Module That Manages And Guides The Other Modules To

Exercise Only The Tools That Are Necessary To Address The Designers
Requirements

* Phase 1 Program Only Looking At Autoclave Processing

Aeromat June 2002-3 AIM-C
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DAHP Producibility Module Definitions f

Additional Definitions:

» Manufacturing Capabilities

« Ability to Fabricate the
Unassembled Components
with ldentified Materials and
Manufacturing Methods

» Manufacturing/Processing Steps/Areas

* Ply Cutting

» Layup

* Debulking

* Bagging

* Equipment

* Tooling

* Repairability

» Quality Requirements/

Parameters

 Meets Functional
Requirements (Strength,
Stiffness, Dimensions, Etc.)

« Requirements/Parameters are :

Identifiable, Measurable, and
Boundable

» Component Quality Requirements/Parameters
* Dimensions * Fiber Volume/Resin
* Voids Content
* Porosity * In-Plane & Out of Plane
* Inclusions Fiber Distortion
» Surface Waviness * Surface Finish

> In-Process Quality Requirements/Parameters

 Ply Angle * Heat-up Rates

* Ply Lap/Gap * Cure Time, Temp,

* OutTime Pressure

* Freezer Time  Abort Conditions

* Equipment * Debulk Time, Temp,
Certifications Pressure
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. A
Module Functional Flow Chart

DARPA

T CAD Mastor ! Modules/RDCS Variability/
| . DaaTie |1 | > Resin | Error Analysis Knowledge Bases
Design User ~-------mmmmmoooee I | > Fiber Results > Lessons Learned
Requirements I | > Prepre 'y > Structure Kind, Type..
. . preg: > Configuration
> Kind of Structure (Skins, I | > Processing ¥ > Parts
Substructure, Doors, Etc.) I | > Lamina Key Mat’l > Secondary Operations
> Class of Structure I | » Structure & Process > Repairability
(Primary, Secondary, etc.) S Durability Controls » > Sourcing Capabilities/
> Type of Structure I x Capacities
> (Monolithic, Cocure, Etc.) | 1 I | ; _IE_qull_pment
» Configuration/Features | — y > Q?J%lli?)g
> Tolerances = = = *| Producibility |, > Test Methods
» Fiber/Fiber Form N |
> Fiber Volume/ [ Module ‘=" M eace
Resin Content T I
» Quality (Voids, etc.) A ~AT AR A~ ;
» Additional Matl’s Methodology N QBA‘IC'A_‘T’ ATMfCS’ :
> Secondary Operations - : . FiberSim, Panform
> Repairability (DIV‘ergence/F\T:Sk) 4 Outputs  *t-------oo-oooooeo o |
» Manufacturing Methods > Divergence/Risk for Requirements
_ Relative to Capabilities
Other User Requirements » Risk Reduction Recommendations
Certification User > Costs/Times _ _
Requal Requirements » Design/Manufacturing Recommendations
> Changed Mat'l, > Mat I_& Process Spec Recommendatlons
» Quality Plan/Recommendations

Process, Equipment,
Tooling

@ﬂﬂf]ﬂa® NORTHROP GRUMMAN
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» Indirect Materials
» Tooling Definitions/Concepts




parrA JMMl Producibility Module Software [l

Most aspects of producibility are very subjective and/or based on previous
experience with very little existing software. Therefore, it is proposed to use
existing software capable of logical programming along with data bases that
will contain pertinent information to be interrogated through SQL.

» Heuristic and/or Rule Based Software
(Java, Visual Basic, C++....)

» Knowledge/Data Bases
(Access, Oracle, M-Vision,...)

» Sclence Based Objective Models

(Fortran, C++, etc.)
* CACC (Thickness, Voids/Porosity, Resin Flow
Bagging, Debulking, Tooling, etc.)

@__ﬂﬂf]ﬂﬂ ° NORTHROFP GRUMMAN
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DARPA_

Manufacturing/Processing
Steps

» Cutting

» Layup

» Debulking

» Cure

» NDE/Quality

» Testing

Equipment
» Cutting
» Collation
» Ovens
» Autoclaves
» NDE
» Testing

@ﬂﬂf]ﬂﬂ@ NORTHROP

Lessons Learned

» Configuration/Type/
Class (Parts)

» Methodology

> Material(s) and Material
Combinations

» Manufacturing/
Processing Steps

» Tooling

» Equipment

» Quality (In-process
and Final Part)

» Testing/Evaluations

» Secondary Operations

» Repair

» RDT&E Costs/Times?

Knowledge/Data Bases

Tooling
» Primary Tooling
» Secondary Tooling

Secondary Operations
» Bonding
» Painting
» Coating

Repair
» In-process
» Final Part (After Cure)
» Material Compatibility

Other
» Health & Safety
> ITAR
> Proprietary Info

Aeromat June 2002-7 AIM-C



Cause and Effect Diagrams

User Input

Configuration

Dimensions Cutting

Debulking Features

Moisture

Show
Stopper

Kinetics
iscosity

\V'

Voids/Porosity

<

Time Features

Time

TempePr:r:\;l;;eure Temperature /
Heat-up Pressure
Pressure Vacuum-RT
Vacuum Vacuum-Heat
Vac + Pressure Pressure-RT
In ternally Pressurlzed Pressure-Heat
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AIM-C Producibility Module

Producibility Module Has Integrated
Components That In Turn.......

DARPA,

Other AIM-C Modules

Producibility
Analysis &
Decision Support Model

Producibility Integration Layer

AIM-C System
Communication

collaboration

Py Database

Management

Producibility
Evaluation
User’'s Module

Designer’s
& Integration

Functions

Communication
Model

Module

Model
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DARPA

Producibility Module
Demo Overview

Design User
Inputs

B EE fmm Fpasy e e

e Primary Matl’s

* Size/Thickness

e Features
e Tolerances

Producibility

ared Fagury Bareps

* Thickness

» Voids/Porosity
 Cutting

* Indirect Matl’s

* Quality Requirements

@_ﬂﬂf]ﬂﬂ@ NOR

Knowledge/Data
Bases

Referenced/
Reguired
Information

P

[Lessons
lLearned

Indirect
Materials

Testing/
SpPecs

oducionity
= Evaluation
= Outputs
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Starting Module

Design User

Lzernarme Show &l ] Hida .d.IIJ

« Control of Users e

Password |
Design Usar
* MUItlple User Types l:lllur:l_lmllf”un anid peassted, ::re;lluim User Input

s Matorials
s Structure EKind

« Administration Control for Login | Clea |  Structure Classification

»  Structure Type
Data.l Bases _ Accelerated Inse

& Configuration
= Tolerances
= Part Flker Yolume f

Resin Conbent

- Design User Variables for « Quality Requirements -
Producibility showai | tigsa | L R R
= Repairability
 Producibility Evaluations | oesignuser * Quantity /Time
Fr om a Des | g n U ser Ef‘:;':lr:_liﬁlfiﬁ'; ';'_P;';Mt.mn Pruldllul:lbﬂlt'r Evaluation
1 Producibility User » Thickness
Stan d p Ol nt Hf:;l:lr;llt:ﬁ-tt;t A : ;:::::is";':lrlﬂHI:un?-;ily
- R o dministrator 5 Inclusions =
* Producibility Evaluations ;" e Hiuh
From a Producibility User ollsboration * Debuk
Stand point Producibilky User
AR o
Dowble clicks to collapse [/ expand this menu frami ._H.dministrutur .|
&]
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Design User
Definable VVariables

 Design User Sets
Problem/Require-
ments For
Producibility
Evaluations

« Ties to Other Design
User Items

 Allows Individual
Producibility Item
Evaluations or All
ltems

l:l[

show all | Hideall

Design Lsor
Dipsigin Usar |agiil
. il

= Materals
& Struchere Eind

Struciwre Type

w Struchers Classifizstios

L | "

& Coniflgeration ~

w  TelbpFasies V'

& Part Filser Tulmr\
Rezin Contast

& Quality Hequiremends

Parts
& Secondary Operaiions

&  Additional Materialy =
»  REopsirability

& Manwfecturimg Methods

& Quamtity F Tliss
Producibifty Evabuation

= &l

& Thitkrninss

m  Wiolds sanid Poretilly

& Cuttimg - Hand

w  Inclesiens

u  Heal-up Hale

= Autoclave Care Profile

w  Dehiiill

& Frecrer Teame
Froducibility User

Dezinn [njiul

= all

Materials

fesin 1r | Type: |[5072 =]
Fibes 1; Iype: |:’II1 EI

Kind

PraPrag 1: | Typa

el
b4t |
B¢

Areal Wiakght

PinPrag 2i | Ty
Skinls)
Feesin 3: Tyt
Filisi 3: Typ
PR [ Structure Kind |
Ressin &: Typo: ||477.3 =] mﬂ
Fiber & |Type: |[30 =]
Prafrag 4: | Type ||]raphlm a@n

| —

Producibility Evaluations/Outputs
According to User Inputs/Requirements

Aeromat June 2002-12 A|M-C



DARPA

Producibility — Quality

Thickness

Ghow &l | sideon |

Dpskpn Lser
Diesign User Input
all
Maleraaly
Stryctwre K imad
struchere ©lassification
Struchere Type
»  Contbperation
w  Tolerssies
¢ Part Fibir Vadame [
Resim Conkenl
& puality Hequerements -
Parts
s Serondary Operations
»  Additienal Heterislc
w  Ripairahility
.
[

sanulescturing pMeihsds
Cuantity f Tese

Prdd i ilallitg Ewalis’e
s all

s Thickness
& Woids snd Porpsity
Curtting - Hamsd
Inclusiensg

Haat-lf Rate
Anrtac]ave Cure Profile
[RETTH

Freeser Time

Producibiling Liser

Dagign Dnjpul

Al

5 Maberaals

& Struchere Kind

s  Siruchere Classitication
»  StFuchere Type

Thickness for Producibility Evaluation

el redwnkar of Plbse -0

Ties to Resin,
Fiber, and
Prepreg

4

Please specify part parameters and click Caleulate |

Modules

Calculate | Open | Save

Tolerance Requirements

Pl Tk is!

Pa Thicknass Min:
| lolerance Values '| Mom:
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DARPA Producibility — Quality:

Thickness

Thickness for Producibility Evaluation -
1

Svg i Mo
| Mumsarof Ples WA 25 TE

AT Testing Multiple Output
ST e eree : Options and

Froblem: min part thickness is 0 [sonemer [mwseraons

Problem: max part thickness is 0 St ,'_h" - “ I n fo r m a-tl 0 n

: View Test Method ~ I
i E —— 'l
= § I 1

_Specifications

I Locsirwnem

Identification of &
Potential S am R -
Problems s =, ! L e

FAERICI G

B Repremmes 1A

a8 crrrimem e Beparies - o

L PalE

e & I mak L T L

Baph B, Gindled (LESE. SSEE (LD RISRIEE
mifis remrge bn b Lisn speaillsd (s

| T HED T

wicimmts rapand pand ger |

LE_ER H® 2
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Producibility — Quality:

DARPA.

Voids

Voids and Porosity Relative to Size, Thickness, and
Feature Ramps

Shiow Al Hig= All

Design User
meslgn Lser Input

] Please specify part parameters and click Calculate :
s Materials

& Structurs Kind - -

o Structure Classification Calculate i Open | Save I

¥ Slructure Type

« Configuration

s Toleranes

# Part Fiber Volume §
Resin Content

Jaality Requiremen
Pk

® Secondary Dperations

m  Additlapal Materials

s Repairability

s Manufacturing Metheds

w  QadntEty J Time Width:

Producibility Evalualion
s Al

n  Thickness Wil
o Voids amd Porosily
& Cutting - Hand

Prepreg: Resin Typn

Filer Type

Praprag Type

Lengeh: RMinErmuem fn:

| Maximinm fin): [—F
| Blaodimumm fing: |
Ii Bl {im): Ii
Flamps: Kin Thickmess [n): | Max Thicknessa finj: |

u [ﬂl:|l15i|]ﬂ“5

s Heal-up Rate i Ii P- - ﬁ

s Autnclave Core Profde - Ramp Ratin: Step Thickness fin]:

= Debilk =

Producibility User
eslgn Input
s il

Mimirmuem fing:

Thickness: | Minkmwm {in):

e : Aeromat June 2002 - 15 AIM-C



DARPA

Fanl Lenglh

Fart ¥Wideh

Frepreg Materasl

Voids and Porosity :

Fibficeld Priciusieiy Far 5771 Dises

By el 18 Tei L

Fphiripmie Predustelity Far B9 Ok

Producibility — Quality:

Voids

Sraraians Te WA
Fart Thickness
Fabricats Proda

Fabriceis Preduy

Farl Fesiurs Ra
Fabfizele Prediy

Fabfitiely Freduy

Fatiricwis PreduPayi Foaalre R“H

art Thickness

Fabricwie PFroduckilly Fard PPIT2 {visw

Fabricwis PFroducEily Pard PP T view] and Bicknsre scals -up zart £

Fabiicale Praducisiily passl PFPIT1-2RE fdiw

Fabricale Pradusisiily pasel FRITELS or V]-{00 or Z]R000 ar 1) {vlewd

art Quantity - Vaids

WOE Standards (EMeci of Defect]

Fagrigets NOE stendard gart PP_MDET | v with [0 %] vl

Fabricats HOE stenderd gart PP_MDES | v | weths 290500 ")

Fazricats NOE standard gark PP FHEET | yesew| vl JE00 0
Hecrmnical Froperty Panels [EfMect of Defeck]

FeEricels Comereanio beef Bensl|s| CTF (idew with 00 5

Fesricets Lomarmadion beat Peneljs| CTPT e sith 2300

Fabricwis Froduckily Farg PPITT Jviswyi and Thin leet pawl [0 0] inches Shics

00.0] thick

dg

Lo ]i=1]

"a]| vz

= | Fida

| woads:

@_ﬂ‘ Fesrals Lémarmiiiod best Fanela| CTF (e with JA|0 5 | voodi

Output
Recommendations
Based on User
Inputs, Std

b2A1b 2 1F 241 BX 18 Produce Tests,

% % 7 and Lessons

NOT TO SCALE L earn ed
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Producibility — Method:

Cutting

:I; e - —
P'E“é'{.;';:.‘n'u’.?.”u?” Cutting - Hand

: 5::;? le Eld Pleags speclfy Froduc Names and cich Calculate

= Sirwcbure :
3 :i::':;:::]l:llml Calculuts | Cipen Bave
Tvpt
ailgiiraliom =
. 1n|er-unrn- —— Tt
- I"‘hl'l. Flher
-

s Quullty :“. I:"' Praduct Hame
Fequirsments i i
Farty L paralis
= Secendary Blatiial
Ohpie Faliane Caaal ]
= Adiitianal SR g | R0l
Material: Rt
e Ervsironmar a | [Bmorage grasser than &

Fradect Heme

staniifaciuring
shetfonds -
. u’"““m-l' ! Fart Cuality: | Inchasinm
n#
Inpmc
F‘H.II'uLilIIIHI :"“"‘T Agla Bt iy
IJ r Variahbes i
ﬂll
=  Thicknets
= 'ul'\ullh._rllld

e~ Methods Take Into Account Facilities/Capabilities,
L B Direct Materials, Indirect Materials, Part Quality, In-

& [Dehalk

e | PFOCESS Quallty and Interactions With Other ltems

Collaberation

@ﬂﬂf]ﬂﬂ NORTHROP GRUMMAN
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Producibility — Method:

Cutting

| Results for Cutting - Hand

Prepreq Material - Indirect Materialks
Backing Paper
Fraduct 4 assollaied with Prepreg
Esmuide procreg Bickicsg pasar per? Y Specficalion for NDE delactabiily aid covlamnetisns
Fredurs A peeocipied wEh MOF Compmi iy
Esfiu e preges Baching paser pertTT Bpecfoation fer contammeior
Epparalcr Wafarisl
Evmium s prgeep spargtar pac? T Spec fophon for preprep ussgs
Praguct A asstilabed wikh Resin 1
Freduct A maascisled mEh MNUE Corepad Sy
Euimiumis prapreg 1apargtor pac??? Gpiec Moptan for preprag uesgs, MOE s@ecitahity, and comaminetion
Prepreg Material - Spoal Requesments
Lulting Capatelly
Thers 5 8 cortict rtwesn curling capabifiss and prapreg spaal 777, Nesds: Inesshgation

Fesin Enviroesment R gurements

-

Propreg Material - Spool Requirements
Cuiting Capasiity
Thars in m coffict hetwesn culting capablities and prepreg ssscl 777, Nesds imvestigation
Rirdin Erv rarmend Reguiemesils
TED
Fart Guality - Inclusion
Indireci Waterials - Cutting
Product A memocisied with Cufling
Esabisle cullifig asparaar serd 7 Sgacficaliai far pregrag ukige
Presgiicl & atsbo e ed wkh HOE Cospalibiiy
Ewabaate ouiting separeor per??? Specfication for pregreg usage, MOE detectabiity, s contamiration
In=process Quality = Angle Accuracy

Anps sccuracy camabli Yy [Eoial lipue angls accursspirapastekiily) can nol mesl oualbty requirments of [ Egls
soturety] because culbing accursdypirepeetabilty s *% And lyup secumcyrepeaiabiky = 79

Eecondary Operations

tpest per 77T Specification

Fart Dimensions
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Producibility User

Producibility — Quality:
Thickness

PRI Thickness for Producibility User Variables 1‘

. E L
& SEruckure
Claxsificatinn + ]
& Sbruckure
Twpe f
s Configuratiss
& Tolerances
& [Part Flher Totel rembar o Mens
Yaluma ¢
Rezin Contont
= Quality
Aaju i P a5
- raits
» Secondary
Operations
« HAdditional

The Module Is
Flexible So Different

i, resas soscts oo — Users Can Use It

m”m'hf S o | sawe | For Their Needs

: m} Tolsrance Requirements Later In a

w  Waids and

Gl | [Fmeedpe T T =T | Development Cycle
—

2 lHeal wp Hale

Autned
* r::r:In1:?u Py S 11: ool Pligs:

D2 rin atet

i Debulk

& Freeper Tims PausPamg 1; Type
Adminisirator
Callabaration Fiber %; [ype:
-
| | r| Hesin 1: Type: -
@] Applet slaned
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DARPA Producibility User

Producibility — Quality
Thickness

Praducihility User :J

Desigs Input

= &l

s Materisli

= Siru chisd K

G ciere 1
T lassiBcatinn

LI TR, |
Typo

®  { nnd|gurgban

¢ Talerances

»  Paf FlkEr
vlema §
Ersin Content

» Qiuslily
D e e
- Pty

¢ ‘Secnnidary
LipEdalmii

» Aidineal
FMeipriaiy

» Bpepsirahiliy

» Pamsfaciaring
Methingds

¥ usmbry §
L[TOTY]

::;':"Jl&:‘:’fm | Talurane: 'i'ilumﬂ Hum | Min! | Max |

s Al

s Thicknes:

Vi aed
Y Pty Fiy So1 1 o ot Pies: | 2 Difamesan:
¥ Tuttmg - Hemad

v Inciwuien Pred'raq 1 Iype |||.r"hln;| [ 2y 'l

» Haal-up Fate

Thickness for Producibility User Variables

Thickness Min Moy Avg Range
Bart 0IETE4S 095312 DU1E3IBE 001834
per phy {set 1) 0U0A313T 0014088 OUO3S13 0000661
per phy {set &) 003137 0014088 0093513 0.000661
per ply {set 3) 0LOI313T 0014088 OUOI3S13 0000661
per ply {set 4} DO13137 0014088 0013513 D.000861

Good: thickness variations within tolerance

st Method

Output According
To Needs

» Kutnclave . =

L ure Frafiie donali Tre |3H J ot
» Dabiilk _ Baxin 1: Tupe- |!-I.'.l k| "'l

Frecier Ths — L

.
Al braner

Callaborstnn
= Py S 2! & ol Plies H
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Administrator User

Data Base Management

i 2l Please select a database

s Riillnclave Ciire Pralile

s [ebulk ] )

s Freezer Time [Tau ane adding AIKMC Datashase, You can sedect and vew anmy table, of run amy S00L quany

Producibility User

Design Input
= All D [:m.idhr:.ndhﬂ.drlhl:ﬂdhnl'.lr’rw-.r
e {mwist be in & foemn the driver
& Shructure Kind = : . o = i a
&  Sbructure Classiication ' |||:||'|-r:.n-rll:|n..1|r|1r: understands)
»  Structurs Type
s Configuration Lsqu |
& Tolerances Talsles Towrsd
& Dart Flber Yodume § Besin Pa |—
Conlenk S
~ Tl a8 CORTeciE0 45 Aalsdming' Talahess SFrar oF B e ool e D s
L] E:ri.?v Heguirements O 6 1ibl6 :
s Spcondary Operations Connect to datshase I
w  AdditiGis] Matarisls
= Hepadrability e = . aygs
& Mansfacburing Methods Finwi I\/I t b I t
it e aintainabili
Producibllity User Yarisbles ]::T.:: .
Al
Ep R T and Information
& Vnoidy and Parpity AirmicHeisl
s Cukhmg - Hanad il =
Inchss oS P
=N Updating Is
& Rutnclave Cure Prof e
& Debulk al [ .-,
= Frepzer Tins = t |
e Critical....
v Databsds

D
» Dak | View tulie_|

Callahoratiom

s Messenger o aspcUls A S0 query, enter it beosy; or choose from e st of presiousty run quemes on e nght

[F] Esneute ey |
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Collaboration User

Messenger

Thcli=inns.

Huad-p Hale

Avbeclave Cure Prodfibe

Dabiulk &l Burrows
& Freerer Time HIA u

Producibiity Lser i
Deesign Tngut ; wreas of Ownerships

al , Cutting - Hand

Materials r

SArsitiire Kl

Sirecture Classibicetien

Sirwciure Type

Configuration

Talerances

Part Fiber Yalume § Resin

Conbent

Crinlity Regsicemsas

Parts — l- -.:
dditional Masterials

Repalrabilicy

staniil actwring Mathads

puantity J Teme
raducibility User Variables

bsrrowrs dmail. northgrem, ocom

Thicknesx

Volds and Parosity
Culling - Hamd
Inclusions

Hedl - inj Hal#
Avtsclave Cure Profile
Dbl

Freseer Time
administrator

» Database

s Mail

Collabsration
s Messenger

Bl EEEE S Sy §EEEE
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-

 Basic Effort Accomplishments:
— Design User Interface for Producibility
— Producibility Quality Areas of Thickness and Voids

— Producibility Operation/Processing Area of Cutting
and Indirect Materials

— Recommendations Based on Inputs and Lessons
Learned

— Integration of Producibility Module Multiple
Component Pieces

— Integration of Producibility Module with other
Modules
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DARPA Future Plans

—Populate Module For Core Flat Panel Fabrication
Producibility Analysis

—Populate Module For Panel With Ramp Feature
Fabrication Producibility Analysis

—Populate Module For Flat Panel With Co-cured Hat
Stiffener Fabrication Producibility Analysis

—Populate Module To Perform Producibility Analysis
With Combination Of Co-Cured Hat Stiffened Panels
And Ramps To Support The Compelling
Demonstration
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DAH A Feature Based Producibility Assessment

Through Parameterized Process Modeling

*Motivation

—Augment current heuristic approach for cure cycle design with a physics based
prediction methodology

—Make a high-end analysis tool (AIM-C Processing Module) available for design
through RDCS

—Demonstrate integration between the web based front-end of Producibility and
RDCS

Integration approach

—Parameterize AIM-C Processing Module input/output

—AIM-C Processing Module embedded in a Math model

—Web based GUI for a design process (genetic optimization)

—Producibility module creates RDCS batch file

—Pilot version of invoking RDCS on the designer’s desktop

—Design exploration to find cure cycle that meets heat-up requirements
*Accomplishments

—Designed feasible curing cycle that met heat-up requirements

—Identified fabrication processes that are likely to result in defective parts
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DAR Use Scenario and Problem Statement

Composite System Cure Requirements  Design and Tooling Requirements

Tool Tool
\ . Tool

\ Thermally massive tooling, inserts
Co-cure Tail, Ti Wing Root

PressureTemperature

Time
» Resin chemistry requirements
* |n-cure and residual stresses

* Minimum and maximum rates Thick and Thin Sections
* Minimum and maximum hold times Keel beams, Attachment points

* Intermediate temperature holds

Combinations of Above

Evaluate Design Driven Requirements Relative to Material and Processing
Requirements for Heat-up Rate and Exotherm Producibility Issues
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Representative Results: Thin part, thick
aluminum tool
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Infeasible generations
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i E " Performance=Objective+(A+BZ (Violations))

Objective and

e W Constraints
.....

o Important constraints
) _ 4 - Minimum part heat-up rate at ramp 2
r 5 - Maximum time at final cure temperature
6 - Minimum time at final cure temperature
' 7 - Maximum acceptable heat-up gradient

Resource needs: ~ 550 evaluations
3 hrs wall clock time (100 workstations)
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DARPA

Conclusions

Demonstrated Integrated Producibility-Processing-RDCS Design Tool

*Tool was used to search for feasible heat-up cure cycles

*Feasible designs were not found in all cases
—Insight into the process
—QOptions: change tooling material or relax constraints
—This is precisely what the AIM-C facilities are intended for:

|ldentify and solve design/producibility problems early to avoid cost
and schedule overruns
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AN
AIM-C Reduces Time and Cost of
Insertion by Understanding the Actual
Manufacturing and Structural Analysis of
Real Applications
Reduction in rework 300|Number. Of Unknown-
_ cycles driven by 250 Corrective Ugknowns,,
Slope gives reduced uncertainty Actions Known-
average cost of (increased confidence) 200 Unknowns
rework cycle <>
................. IiTe N ey
Close to /
. Experience .
COST OF Cost Of Rework: S50 reeerseeass
EE\éVfEFéK Cycles $By — o 1 : Uncertainty
15 1.0 0.5 0 45  :08
i — —

Uncertainty reduction from
risk mitigation activity
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